COMT Val158Met polymorphism and socioeconomic status interact to predict attention deficit/hyperactivity problems in children aged 10–14 by Nobile, Maria et al.
www.ssoar.info
COMT Val158Met polymorphism and
socioeconomic status interact to predict attention
deficit/hyperactivity problems in children aged 10–
14
Nobile, Maria; Rusconi, Marianna; Bellina, Monica; Marino, Cecilia; Giorda,
Roberto; Carlet, Ombretta; Vanzin, Laura; Molteni, Massimo; Battaglia,
Marco
Postprint / Postprint
Zeitschriftenartikel / journal article
Zur Verfügung gestellt in Kooperation mit / provided in cooperation with:
www.peerproject.eu
Empfohlene Zitierung / Suggested Citation:
Nobile, M., Rusconi, M., Bellina, M., Marino, C., Giorda, R., Carlet, O., ... Battaglia, M. (2009). COMT Val158Met
polymorphism and socioeconomic status interact to predict attention deficit/hyperactivity problems in children aged 10–
14. European Child & Adolescent Psychiatry, 19(7), 549-557. https://doi.org/10.1007/s00787-009-0080-1
Nutzungsbedingungen:
Dieser Text wird unter dem "PEER Licence Agreement zur
Verfügung" gestellt. Nähere Auskünfte zum PEER-Projekt finden
Sie hier: http://www.peerproject.eu Gewährt wird ein nicht
exklusives, nicht übertragbares, persönliches und beschränktes
Recht auf Nutzung dieses Dokuments. Dieses Dokument
ist ausschließlich für den persönlichen, nicht-kommerziellen
Gebrauch bestimmt. Auf sämtlichen Kopien dieses Dokuments
müssen alle Urheberrechtshinweise und sonstigen Hinweise
auf gesetzlichen Schutz beibehalten werden. Sie dürfen dieses
Dokument nicht in irgendeiner Weise abändern, noch dürfen
Sie dieses Dokument für öffentliche oder kommerzielle Zwecke
vervielfältigen, öffentlich ausstellen, aufführen, vertreiben oder
anderweitig nutzen.
Mit der Verwendung dieses Dokuments erkennen Sie die
Nutzungsbedingungen an.
Terms of use:
This document is made available under the "PEER Licence
Agreement ". For more Information regarding the PEER-project
see: http://www.peerproject.eu This document is solely intended
for your personal, non-commercial use.All of the copies of
this documents must retain all copyright information and other
information regarding legal protection. You are not allowed to alter
this document in any way, to copy it for public or commercial
purposes, to exhibit the document in public, to perform, distribute
or otherwise use the document in public.
By using this particular document, you accept the above-stated
conditions of use.
Diese Version ist zitierbar unter / This version is citable under:
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-207376
ORIGINAL CONTRIBUTION
COMT Val158Met polymorphism and socioeconomic status
interact to predict attention deficit/hyperactivity problems
in children aged 10–14
Maria Nobile • Marianna Rusconi • Monica Bellina •
Cecilia Marino • Roberto Giorda • Ombretta Carlet •
Laura Vanzin • Massimo Molteni • Marco Battaglia
Received: 14 November 2008 / Accepted: 10 November 2009 / Published online: 28 November 2009
 Springer-Verlag 2009
Abstract The functional Val158Met COMT polymor-
phism appears to affect a host of behaviours mediated by
the pre-frontal cortex, and has been found associated to the
risk for disruptive behaviours including ADHD. Parental
socioeconomic status (SES) has also been reported as a
predictor for the same childhood disorders. In a general
population sample of 575 Italian pre-adolescents aged 10–
14, we examined the association of the functional
Val158Met COMT polymorphism and SES—both as linear
and interactive effects—with oppositional defiant prob-
lems, conduct problems, and attention deficit/hyperactivity
problems, as defined by the newly established Child
Behaviour Check-List/6-18 DSM oriented scales. Multi-
variate- and subsequent univariate-analysis of covariance
showed a significant association of COMT 9 SES
interaction with CBCL 6/18 DOS attention deficit/hyper-
activity problems (p = 0.004), and revealed higher scores
among those children with Val/Val COMT genotype who
belonged to low-SES families. We also found a significant
association of SES with attention deficit/hyperactivity
problems and conduct problems DOS (p = 0.04 and 0.01,
respectively). Our data are consistent with a bulk of recent
literature suggesting a role of environmental factors in
moderating the contribution of specific genetic polymor-
phisms to human variability in ADHD. While future
investigations will refine and better clarify which specific
environmental and genetic mechanisms are at work in
influencing the individual risk to ADHD in pre-adoles-
cence, these data may contribute to identify/prevent the
risk for ADHD problems in childhood.
Keywords COMT polymorphism  SES  ADHD 
CBCL  Gene–environment interaction
Introduction
One of the features which render the dopamine system in
the pre-frontal cortex different from other brain regions is
the significantly lower concentration of the dopamine
transporter protein [15]. Such relative lack of dopamine
transporter makes the pre-frontal cortex more dependent on
other mechanisms, like the catechol-O-methyltransferase
(COMT) enzyme, to terminate the action of released
dopamine. Consistent with this view, the COMT enzyme
accounts for more than 60% of dopamine degradation in
the pre-frontal cortex, but for less than 15% of dopamine
degradation in the striatum [28]. As a consequence, vari-
ations within the COMT gene, which encodes for the
COMT enzyme, would be expected to affect the pre-frontal
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cortex’s function much more dramatically than other brain
regions (such as the striatum), the function of which could
be relatively unaffected by the action of this enzyme.
The COMT gene (located within the q11 region of
chromosome 22) contains a single G-to-A base-pair mis-
sense variant. This polymorphism translates into a substi-
tution of methionine for valine at codon 158 (Val158Met),
with the enzyme containing Met158 having one-third to
one-fourth of the activity of the Val158 enzyme [36, 49] in
degrading dopamine, epinephrine, and norepinephrine.
Indeed, several investigations including an ‘oddball’
task-generated P300 waveform study of healthy controls
and patients with schizophrenia [24] suggest the presence
of increased dopaminergic cortical signalling, enhanced
signal/noise ratio, and optimized cortical activity, con-
ferred by the Met allele, during processing tasks of dif-
ferent nature [18, 25, 39, 47]. Two brain imaging studies of
healthy adults showed an influence of the COMT
Val158Met genotype on task-related brain activation. One
study [7] showed that the Met allele confers better cogni-
tive performance and optimal cingulate activation during
visual cognitive control tasks, while another study [47]
showed that the Met allele is associated with higher pre-
frontal, limbic, and cortical sensory (fusiform gyrus and
inferior parietal lobule) activation during the act of pro-
cessing social stimuli.
The COMT genotype was also demonstrated to impact
on cognitive functions that depend on pre-frontal dopami-
nergic activity in children and adolescents [15, 53], and the
Met allele predicted promptness as indexed by the ERP
N170 waveform latency in normally developing children
during a task of implicit face expressions’ processing [4].
The possible effect of COMT genotype in develop-
mental psychopathology was investigated in ADHD, with
diverging findings: some studies reported evidence of an
association, while others did not (for a review [20]), and
two recent meta-analyses could not confirm a role for
COMT Val158Met in the aetiology of ADHD [12, 20].
Indeed, inasmuch as externalizing children appear to share
a feature of suboptimal development of inhibitory control
and self-regulation [6], the investigation of the possible
effects of the COMT genotype [15] upon childhood and
adolescent psychopathology could -and perhaps should- be
extended to disruptive behaviours beyond ADHD.
More recently, the COMT gene was also associated with
phenotypic variation among children with ADHD, sug-
gesting that Val/Val homozygotes had more symptoms of
conduct disorder, were more aggressive, and were more
likely to be convicted of criminal offences compared with
methionine carriers [9], while Thapar et al. [51] reported
that COMT gene variant and low birth weight predict early
onset of antisocial behaviour in children with ADHD. This
data, however, has not been confirmed [46].
In sum, while data regarding the influences of the
COMT gene upon cognitive functions and the pre-frontal
dopamine activity are quite consistent across different life
periods [15, 53], the evidence for an influence of the
COMT gene upon childhood behavioural disorders is less
robust. This could be due to the inherent complexity of the
mechanisms that underlie the influence of the COMT gene
upon childhood psychopathology, such as gene–environ-
ment interplay effects, and/or the fact that the COMT gene
could be operant only for some distinct subtypes of
externalizing disorders. This would conceivable, since
childhood behavioural disorders are heterogeneous, com-
plex phenotypes that result from genetic and environmental
causal factors. The child’s genotype may exert its effects
by variation in response to the environment (gene–envi-
ronment interplay) or by shaping environmental exposures
(gene–environment co-variance) [45], and a variety of
often-uncontrolled environmental factors (both family-
shared and idiosyncratic, see for e.g. [8, 10, 27, 38, 45])
have been found to mediate the genetic influence in the
expression of liability to childhood psychopathology.
Parental socioeconomic status (SES) could be one such
environmental factor. Although limited by the fact of being
a generic, broad, distal risk variable which is measured at a
family-wide rather than at a child-specific level, SES is a
powerful predictor of childhood psychopathology, includ-
ing delinquent and aggressive syndromes [3, 52], and
ADHD [5].
Low SES may contribute to these psychopathologies
either directly or indirectly, through negative effects onto
more proximal child-specific factors, such as parenting [14]
or exposure to trauma [19].
Recently Lasky-Su et al. [33] suggested that low SES
may not only exert a direct influence over the risk of
developing ADHD, but also, SES may act as a mediator of
the effect of specific genes to increase or decrease the
likelihood of ADHD. For example, low level of SES is
associated with decreased income, which likely results in
decreased health care. Reduced health care often results in
a higher incidence of low birth weight, which is in turn
associated with a threefold increase in ADHD incidence
[40].
In spite of the potential interest in investigating how
specified environmental moderators and candidate genes
influence biological systems and behaviour, no study has so
far analysed the possible conjoint impact of SES and
COMT polymorphism upon childhood externalizing
behaviours.
Given the potential role of COMT and SES on influ-
encing more than one externalizing psychopathological
traits (hyperactivity, aggressiveness, antisocial behaviour,
conduct problems, etc.) we took into account a broad
‘spectrum’ of behavioural disorders as collected by the
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Child Behaviour CheckList 6/18 [2], namely attention
deficit/hyperactivity problems, oppositional defiant prob-
lems, and conduct problems DSM oriented scale (DOS).
Compared to the classic CBCL 6/18 empirical sub-
scales, the newly established CBCL 6/18 DSM-Oriented
Scales (DOS) system have higher heritability and simpler
causal structure, in that the phenotypic variance can be
satisfactorily explained by additive genetic and unique
environmental factors only [48].
Furthermore, the CBCL 6/18 DOSs appear to corre-
spond well to the current DSM-IV diagnoses [30].
In the present study we examined the association of a
functional COMT polymorphism (which potentially affects
behaviours mediated by the pre-frontal cortex) and a
societal moderator (parental SES), and of their interactions,
with CBCL 6/18 oppositional defiant problems, conduct
problems and attention deficit/hyperactivity problems
DOS, in a general population sample of Italian pre-
adolescents.
Methods
The participants in this study were subjects involved in two
epidemiological studies of mental health in youth. Subjects
from sample 1 (n = 446) were recruited by our group as a
collaborating centre of the Italian Project on pre-adolescent
mental health (the PrISMA project—Progetto Italiano
Salute Mentale Adolescenti) [22].
The PrISMA project was designed to estimate the
prevalence of behavioural problems using the CBCL/6-18
[2] scale in a National probability sample of children aged
10–14 years living and attending secondary school in 7
medium-to-large Italian urban areas (Milan, Rimini, Lecco
and Conegliano located in the north of Italy, Rome and
Pisa in the centre and Cagliari in the south of the country)
and had an overall participation rate of 61% of the eligible
subjects [22, 23]. The mean values of the CBCL/6-18
subscales of children assessed in the PrISMA project did
not differ significantly across these seven different urban
areas (data available from authors upon request) and were
comparable to those obtained in previous epidemiological
studies of the CBCL scale in Italy [21]. Amongst the
seven PrISMA participating units, two (one based in
Bosisio Parini near Lecco, and the other in Conegliano)
have interests in behavioural genetics and the technology
for DNA collection and molecular genetic analyses.
Therefore, for the PrISMA children living in Lecco and
Conegliano, in addition to providing demographic and
psychometric information, we also invited the participants
to DNA collection, which was allowed by parental written
informed consent for 446 out of 1,211 (37%) eligible
children.
Subjects from sample 2 belong to a relatively small
suburban community (Ponte Lambro—PL, inhabitants
4,065) currently involved in an ongoing longitudinal study
of emotional and behavioural problems in childhood with
the CBCL/6-18 [2] and simultaneous DNA collection. The
DNA of 172 out of 317 (54%) eligible children aged 10–14
living in PL was collected after parental written informed
consent.
More than 95% of participating children were Caucasian
and of Italian ancestry. Although attending the same school
grade, children in the PrISMA sample were slightly older
than children in the PL sample, due to a modest difference
in the timing of recruitment of the two samples (winter for
the PrISMA sample and fall for the PL sample [41, 42]).
The PL and PrISMA samples have no overlapping
subjects. Since the inclusion (age between 10 and 14 years,
parental written informed consent) and exclusion criteria
(certification of mental handicap, which was present in
0.3% of eligible participants) and the psychometric
instrument (parental assessments of children behaviour
through the CBCL/6-18) were the same for the PrISMA
and the PL samples, after controlling for the homogeneity
of demographic and behavioural variables, as in two pre-
vious studies regarding externalizing behaviour and affec-
tive problems [41, 42], for the present study we pooled
together subjects of both epidemiological samples to
increase the statistical power.
Procedures
The study protocols were approved by the ‘Eugenio
Medea’ Scientific Institute Ethical Committee. Parents’
written informed consent was obtained for all participants.
Behavioural assessment
The CBCL/6-18 [2] is an empirically based checklist of
social competence and behavioural problems filled out by
parents of children and adolescents aged 6–18 years.
According to the Achenbach System of Empirically Based
Assessment (ASEBA) CBCL/6-18 items can be scored to
obtain the following DSM-oriented scales (DOS): affective
problems, anxiety problems, somatic problems, attention
deficit/hyperactivity problems, oppositional defiant prob-
lems, and conduct problems (see Table 1 for items inclu-
ded in attention deficit/hyperactivity problems,
oppositional defiant problems and conduct problems DOS).
Although the DOSs are not directly equivalent to any
clinical diagnosis, they satisfactorily predict DSM-IV
diagnoses [30]. Recent twin multivariate genetic epidemi-
ological analyses in the Italian general population showed
that compared with the classic CBCL/6-18 empirical sub-
scales, the DOSs have higher heritability (lowest 0.56 and
Eur Child Adolesc Psychiatry (2010) 19:549–557 551
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0.61 for attention deficit/hyperactivity problems and
oppositional defiant problems; highest 0.71 for conduct
problems), and simpler causal structure, in that the phe-
notypic variance is satisfactorily explained by additive
genetic and unique environmental factors only [48].
Moreover, the covariation of DOS scales can best be
attributed to one common genetic factor and to two idio-
syncratic environmental factors, each loading differently
on the internalizing (anxiety and affective problems) and
the externalizing (attention-deficit/hyperactivity, opposi-
tional defiant, and conduct problems).
We used parental employment as a measure of SES
coded according to the Hollingshead 9-point scale for
parental occupation [26]. A score of 1–9 was assigned to
each parental job; when both parents were employed, the
highest of the two scores was used. Because low SES, in
contrast to medium and high SES, has been identified as a
specific risk factor for a host of externalized behaviours,
such as hyperactive, impulsive, aggressive, and rule-
breaking behaviour [3, 5, 16, 29, 35, 52] we split SES into
two classes of risk: low SES 1–3 (mean: 2.88 ± 0.35) and
medium to high SES 4–9 (6.46 ± 1.74).
DNA collection and extraction
Genomic DNA was extracted from mouthwash samples
collected in 4% sucrose using the DNAzol Genomic DNA
Isolation reagent (Molecular Research Center, Cincinnati,
OH). We determined the subject’s COMT Val158Met
genotype using the 50-exonuclease Taqman assay [11].
Subjects with known genotype, previously typed by
sequencing were used as positive controls. The Taqman
primers, probes, and reagents were purchased from Applied
Biosystems (Monza, Italy). The assays were performed and
analysed on a 9700HT Sequence Detection System
(Applied Biosystems).
Statistical analyses
Previous controls for biases performed upon demographic
and behavioural variables showed no, or only modestly
significant differences in behavioural variables in children
belonging to families who agreed versus those belonging to
families who did not agree to participate in the genetic
study [41, 42]. Moreover, there were no significant dif-
ferences owing to SES (t = -0.72, p = 0.47) or age
(t = -1.34, p = 0.18) between PrISMA children belong-
ing to families who agreed versus those belonging to
families who did not agree to participate in the genetic
study [41].
As more than 95% of participating children were Cau-
casian, to have a more homogeneous sample non-Cauca-
sian children were not included in genetic analyses.
According to the Val158Met polymorphism the COMT
genotype was classified as Val/Val, Val/Met, and Met/Met.
We preliminarily analysed the distribution of COMT
genotypes across children’s genders, and SES classes,
and found no significant associations (v2 = 0.825,
df = 2, p = 0.662, and v2 = 1.777, df = 2, p = 0.411,
respectively).
The distributions of the CBCL DOS scores were square-
root transformed to attenuate deviations from normality,
Table 1 CBCL/6-18 items for attention deficit/hyperactivity problems, oppositional defiant problems, and conduct problems DOS
Attention deficit/hyperactivity problems Oppositional defiant problems Conduct problems
Fails to finish things he/she starts Argues a lot Cruel to animals
Can’t concentrate, can’t pay attention for long Disobedient at home Cruelty, bullying, or meanness to others
Can’t sit still, restless, or hyperactive Disobedient at school Destroys things belonging to his/her family or others
Impulsive or acts without thinking Stubborn, sullen, or irritable Does not seem to feel guilty after misbehaving
Inattentive or easily distracted Temper tantrums or hot temper Breaks rules at home, school, or elsewhere
Talks too much Gets in many fights
Unusually loud Hangs around with others who get in trouble
Lying or cheating
Physically attacks people
Runs away from home
Sets fires
Steals at home
Steals outside the home
Swearing or obscene language
Threatens people
Truancy, skips school
Vandalism
552 Eur Child Adolesc Psychiatry (2010) 19:549–557
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which led to acceptable kurtosis (min -0.533, max 0.628),
and skewness (min -0.569, max 0.647) values.
The COMT genotype and the SES were entered simul-
taneously as independent variables, while the CBCL/6-18
attention-deficit/hyperactivity, oppositional defiant, and
conduct problems DOSs were the dependent variables in
the multivariate -and in the subsequent univariate-analysis
of covariance (ANcOVA), with gender and age as co-
variates.
All analyses were performed using the Statsoft Statisti-
cal package (Version 6.0, 1997).
Results
Table 2 shows the demographic and behavioural variables
in the two original epidemiological samples and in the
combined sample.
As typically observed in epidemiological samples [13,
21, 31, 32, 34, 37, 43, 44, 50], oppositional defiant DOS,
conduct problems DOS, and attention deficit/hyperactivity
problems DOS scores were higher in boys than in girls
(F = 10.540, p = 0.001; F = 26.266, p \ 0.001; and
F = 18.622, p \ 0.001, respectively); there were no sig-
nificant differences between the PrISMA and the PL
subsamples for all DOS scores.
COMT genotyping was successful for 575 subjects with
complete sociodemographic and behavioural data. The
genotype frequencies in the total sample were: Val/Val
29.4%, Val/Met 48.0%, Met/Met 22.6% and the allele
frequencies were Val 53.4% and Met 46.6%. The COMT
polymorphism was in Hardy–Weinberg equilibrium both in
PrISMA and in PL subsamples (v2 = 0.066, p = 0.963 and
v2 = 2.023, p = 0.155, respectively) and in the total
sample (v2 = 0.727, p = 0.39).
COMT genotype frequencies were even across gender
(v2 = 0.825, df = 2, p = 0.662), across the two SES cat-
egories (v2 = 1.777, df = 2, p = 0.411), and across the
PrISMA and the PL subsamples (v2 = 4.636, p = 0.098).
Table 3 shows the square-root transformed CBCL DOS
scores according to COMT genotype and SES. The two-
way MANcOVA—with sex and age as covariates—
revealed a significant COMT 9 SES interaction (Rao’s
R = 2.735, df = 6.1132, p = 0.012), a trend for SES
(Rao’s R = 2.547, df = 3.565, p = 0.055), but no signifi-
cant association of COMT genotype (Rao’s R = 1.005,
df = 6.1132, p = 0.420).
Subsequent ANcOVAs revealed a significant association
of SES with attention deficit/hyperactivity problems DOS
(p = 0.040) and conduct problems DOS (p = 0.010), and a
COMT 9 SES interaction with attention deficit/hyperac-
tivity problems DOS (p = 0.004).
Post hoc analyses showed significantly higher scores on
attention deficit/hyperactivity problems DOS among chil-
dren of low SES with the Val/Val genotype, compared to
medium ? high SES children with Val/Val and Met/Met
genotypes (respectively, Tukey HSD p = 0.002 and
0.025). There was only a statistical trend towards signifi-
cance when we compared post hoc the attention deficit/
hyperactivity problem DOS scores of low SES children
with the Val/Val genotype to the scores of children with
medium ? high SES and the Val/Met genotype (p = 0.063
by Tukey HSD; see Fig. 1).
We also repeated analyses with non-transformed
dependent variables. The two way MANcOVA revealed a
significant association of SES (Rao’s R = 2.767,
df = 3.565, p = 0.041), and a trend for COMT 9 SES
interaction (Rao’s R = 1.943, df = 6.1130, p = 0.071).
Subsequent ANcOVAs confirmed a significant association
of SES with attention deficit/hyperactivity problems DOS
(p = 0.009) and conduct problems DOS (p = 0.022),
and of COMT 9 SES interaction with attention/deficit
hyperactivity problems DOS (p = 0.042). Post-hoc anal-
yses substantially confirmed significantly higher scores
among children of low SES with the Val/Val genotype,
compared to medium ? high SES children with Val/Val
and Val/Met genotype (respectively, Tukey HSD
p = 0.007 and 0.022).
Table 2 Demographic and behavioural variables (raw data) in the two original epidemiological samples and in the combined sample
PrISMA (n = 446) PL (n = 172) Combined sample (n = 618)
Boys (n = 235) Girls (n = 211) Boys (n = 83) Girls (n = 89) Boys (n = 318) Girls (n = 300)
Age (mean ± SD) 12.12 ± 0.92 12.16 ± 0.89 12.07 ± 0.81 11.91 ± 0.834 12.11 ± 0.89 12.08 ± 0.88
Low SES (%) 11.2% 15.1% 18.7% 17.9% 13.2% 15.9%
SES (mean ± SD) 5.96 ± 1.94 6.07 ± 2.15 5.62 ± 2.20 5.52 ± 1.93 5.87 ± 2.02 5.92 ± 2.10
DOS scores (mean ± SD)
Attention deficit/hyperactivity problems 3.93 ± 2.83 2.96 ± 2.83 3.77 ± 3.16 2.55 ± 2.40 3.89 ± 2.91 2.84 ± 2.71
Oppositional defiant problems 2.54 ± 1.71 2.06 ± 1.72 2.72 ± 1.95 2.08 ± 1.45 2.59 ± 1.77 2.06 ± 1.64
Conduct problems 1.55 ± 2.11 0.93 ± 1.50 2.02 ± 2.72 0.95 ± 1.51 1.68 ± 2.29 0.94 ± 1.50
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When we analysed the association of COMT genotype
with oppositional defiant and conduct problems in those
children who scored high on the attention deficit/hyperac-
tivity problems DOS scale ([90 percentile, n = 50),
results remained non-significant (p = 0.155 and 0.383,
respectively).
Discussion
This is the first study taking conjunctly into account the
association of the COMT Val158Met polymorphism, and a
societal moderator, namely SES, with several behavioural
problems in a general population sample of children aged
10–14. Our main findings show that low-SES and the Val/
Val COMT genotype interact in heightening the probability
of having attention deficit/hyperactivity problems.
Inasmuch as our findings suggest that in presence of
adverse environmental factors, subjects with the Val/Val
COMT genotype are more susceptible to ADHD problems,
we are in broad agreement with the findings by Thapar
et al. [51], who showed an interactional effect of the same
genotype with another major environmental risk factor,
namely low birth weight, in influencing simultaneously
conduct disorder and ADHD. Somewhat similarly, Lasky-
Su et al. [33] reported that SES moderates the effect of the
BDNF gene upon the number of ADHD symptoms.
We also found a significant association of SES with
attention deficit/hyperactivity problems and conduct prob-
lems. This result is in agreement with previous studies
investigating the influence of SES on externalizing prob-
lems [3, 52], including ADHD [5].
We did not find a general linear association of COMT
genotype with the behavioural problems investigated in
this study. This could be partly due to the use of MAN-
cOVA; while this type of analysis can protect against Type
I errors, it yields a loss of power (basically, implying the
loss of one degree of freedom for each dependent variable
added to the list), which may become important with a
sample size of 600.
On the other hand, the lack of a direct association
between COMT Val158Met polymorphism and ADHD
symptoms is consistent with meta-analytic negative results
of the association between COMT and ADHD [12, 20].
We did not find an association between COMT gene per
se, or in interaction, with SES and oppositional defiant or
conduct problems. These results are somehow in agreement
with data published by Caspi et al. [9] who did not find an
association between the COMT Val158Met variant and
antisocial behaviour in the general population but only
within a subgroup of subjects diagnosed with ADHD.
In contrast to Caspi et al. [9], however, we did not find an
association with the COMT Val158Met variant and conduct
problems in children who scored high on the attention
deficit/hyperactivity problems DOS scale in our sample.
However, compared with the three independent samples in
the Caspi et al. study, it should be considered that we had a
much smaller sample size, no interview-based direct
assessment, and smaller prevalence of conduct problems
[23]. Nonetheless, our findings of an association between
Table 3 Behavioural variables (square-root adjusted) grouped according to COMT genotype and SES
SES COMT genotype COMT 9 SES
Val/Val (n) Val/Met (n) Met/Met (n) F p
Attention deficit/hyperactivity problems
Low 2.09 ± 0.63 (31) 1.66 ± 1.12 (43) 1.46 ± 1.05 (17) 5.693 0.004
Mid ? high 1.42 ± 0.93 (138) 1.62 ± 0.91 (233) 1.54 ± 0.82 (113)
Oppositional defiant problems
Low 1.55 ± 0.48 (31) 1.46 ± 0.74 (43) 1.32 ± 0.84 (17) 0.365 0.694
Mid ? high 1.40 ± 0.71 (138) 1.32 ± 0.72 (233) 1.33 ± 0.61 (113)
Conduct problems
Low 1.00 ± 0.87 ( 31) 0.91 ± 1.00 (43) 1.00 ± 0.82 (17) 0.461 0.631
Mid ? high 0.72 ± 0.85 (138) 0.74 ± 0.82 (233) 0.71 ± 0.81 (113)
Fig. 1 CBCL 6/18 attention deficit/hyperactivity problems DOS
(square-root adjusted) according to socioeconomic status (SES) 9 -
COMT genotype
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SES 9 COMT genotype interaction and attention deficit/
hyperactivity problems, require cautious considerations.
The SES is a complex construct that incorporates many
measures, including education or income, and is also
indirectly related to many other variables, some of which
may be partially genetic in origin. Therefore, the possibility
remains that what we have interpreted as a gene-by-envi-
ronment interaction could in fact be a gene-by-gene
interaction.
Although this study is based on a genetically homoge-
neous sample, the stratification bias typical of population-
based association studies is still possible, and our results
need independent replication in extended family-based
studies. Moreover, since our population is primarily Cau-
casian, the implications of our results may not be extend-
able to other ethnic groups with different allele frequencies
or environmental/social factors, which may impinge dif-
ferently upon externalizing behaviours.
Another limitation of this study is the use of parent-rated
CBCL questionnaires only. Although parental reports are
often used for assessing problem behaviours and psychi-
atric disorders in children, and externalized behaviours
typically provide good replicability across different
observers [1, 13], direct assessments through direct inter-
views are by definition more informative and reliable.
Furthermore, there is now a clear contrast between the
enthusiasm elicited by behavioural studies which suggest
interactions between identified candidate genes and spe-
cific environmental factors, and the sobriety induced by
simulated data analyses studies, such as those failing to find
significant G 9 E interaction for liability to dichotomously
defined depression or antisocial disorder [17]. Such diver-
gence of results further suggests prudence, since there
might be risks of oversimplification, and inflation of sig-
nificance in virtually any analysis of variance focused on a
limited pool of polymorphisms and environmental risk
factors for a single/few behavioural variable(s).
Conclusion
We report a significant interaction between the COMT
Val158Met polymorphism and low SES associated with
pre-adolescent attention deficit/hyperactivity problems.
This data is consistent with the recent literature [33, 51]
suggesting a role for environmental factors in moderating
the contribution of specific genetic polymorphisms to
human variability in ADHD.
While future investigations may better clarify which
specific environmental and genetic mechanisms are at work
in influencing the individual risk to ADHD in pre-adoles-
cence, these data may contribute to identify/prevent risk for
more severe pattern of ADHD problems in childhood.
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